Anodic oxide coatings on aluminum alloys are used for space environment applications. These provide specific thermo-optical properties to spacecraft surface. Fragments of these coatings lead to generate the contamination in satellites and affect the mission lifetime. The current work concerns studying of the anodic processes applied on aluminum and different groups of aluminum alloys as Al7075, Al2024 and Al6061. Experimental procedures are performed using sulfuric acid at different values of current density (1 -2 A/dm 2 ). The influence of the parameters of anodic film formation on the coating characteristics and layer thickness of aluminum alloys has been investigated. Reflectance and optical properties of the anodized aluminum alloy coatings are determined and found to be dependent on the alloying elements. Changes in anodic coating weight and film thickness of aluminium alloys with the process parameters as current density, temperature, time duration, acid concentration, and sealing system have been studied. Moreover, morphology and surface structure of the considered samples are carried out in attempt to understand the physical characteristics. The obtained results are compared and briefly outlined.
Introduction
Aluminum and aluminum alloys have many applications especially in aerospace industries because of their excellent properties such as high strength to weight ratios, low cost, high thermal conductivity and good corrosion resistance. Anodizing is an electrochemical process that is used to form the oxide films on the surface of metals. Anodizing process creates a hard, corrosion-and abrasion-resistant oxide coating on aluminum alloys. The anodization layer is formed to adjust and control the thermo-optical properties [1] [2] [3] [4] . Clear anodic oxide coatings have high emissivity and low absorptivity that lead to the efficient radiative heat transfer in the space environment. Aluminum and different groups of aluminum alloys (Al6061, Al2024 and Al7075) are important and widely used, which in particular satisfy the requirements of space applications with good results. As an example, after thermal cycling on aluminum alloys see that in groups 2XXX and 7XXX, some of these alloys have been observed. Therefore, anodizing provides the required optical properties to minimize thermal cycling temperatures and prevent overheating and undercooling in every part of equipment namely good temperature stability of onboard equipments [5] [6] [7] [8] [9] . In the International Space Station (ISS), the micrometeoroid and orbital debris shields are made from anodized aluminum because of its specific thermal properties. The anodizing process is evaluated in regard to throwing power and fatigue life [9] [10], additionally, anodic coatings can meet not only the environmental requirements but also the continual demand by aerospace and defense hardware for improved surface performance with multifunctional properties to work under extreme environmental exposures (see Figure 1 ) [11] . Accordingly, aluminum alloys have a good corrosion resistance for most environmental exposures. Specific environmental conditions may cause corrosion leading to degradation of the surfaces and potentially stress corrosion cracking, causing failure of aluminum alloys. Therefore, anodic coatings have been developed to protect the aluminum from corrosion and enhance the adhesion of paints and adhesives [12] [13] [14] . However, the anodic aluminum coatings mitigate the occurrence of degradation in spacecraft' surfaces due to space plasma environment effects [15] [16] . Figure 1 . Multifunctional properties from surface coatings on aluminum alloys for space applications [11] .
A wide variety of electrolytes is considered to produce anodic coating on aluminum. According to the solvent action of the electrolyte used for production the anodic film, anodic coatings can be classified. Some of these coatings are of porous and obtained as example from sulfuric electrolyte (Type II). Sulfuric acid is one of the most important anodizing processes because of the characteristics and properties of the film. Different thickness values, clear coating, colored and sealed can be easily obtained. Sulfuric acid anodizing produces coatings with less solar absorptance and high thermal emittance, so, it is common used for thermal control surfaces [17] [18] [19] .
In the current research, laboratory measurements are carried out to investi- Table 1 . These materials have been used for space applications such that for spacecraft structures, flight hardware, and space devices as onboard and power systems [21] . Moreover, to clarify the impact of electrolyte concentration on the anodic film thickness, 20% by weight 
Sealing Process
Because the coating process is highly porous and is subject to attack from the environment and corrosive elements, sealing process is required to improve surface from cracking and also to improve its resistance to corrosion. The method used to seal the anodic films of the considered samples is the hot water, in which the treated aluminum alloy is immersed in deionized water nearest to the boiling point for 15 minutes. This method may partially convert the alumina of anodic coating to aluminum mono-hydroxide. The mechanism of sealing occurred in boiling water is considered as the hydration of the anodic film. The aluminum oxide reacts with water to form aluminum hydroxide, which fills pores in the coating and seals the surface [22] .
From this process, the anodic surface becomes with more flatness and uniformity. This water-sealing technique is used to seal the porous coatings to protect the substrate from attack by environment.
Characteristics, Results and Analysis
The characteristic of anodized coating layer is influenced by the process parameters as current density, temperature, and time duration. One of the most important factors is the current density applied on the samples. This factor is useful to determine the characteristic of the coated layer on aluminium alloy [23] . Two values (1 -2 A/dm 2 ) of the current density are applied in our experiments. Another factor used in this study is the time required for occurrence the coating process. For the oxide film formation, two time intervals 30, 60 minutes are considered for taking place the anodizing process and applied on all sample plates.
These values are chosen to examine its effects on the oxide coating thicknesses for different alloy materials. Table 2 gives the results of the coating thickness for the considered alloys obtained at different parameters of the anodization process. The film thickness d can be calculated for the samples using the formula.
where m and m 0 are the weight measured for the anodized sample after and before the anodizing process respectively, obtained from the difference in mass of each sample plate before and after film deposition, A is the area of film on the sample plate, and ρ is the density of the anodic film of aluminium alloys.
From the results obtained in Table 2 , it is clearly observed that; at the same time of process: 1) Increasing current density leads to increase the film thickness;
2) Lowering bath temperatures result in more dense coating and high thickness values. To verify the effect of electrolyte concentration on the anodic film thickness, Table 3 gives the film thickness obtained with 20 wt% sulfuric acid and with the parameters (current density 2 A/dm 2 , temperature 21˚C and time 60 minutes) for the aluminum alloys Al6061 and Al2024 as an example.
The obtained result shows that, for the for the same two samples considered in Table 2 , the increasing of the thickness with increase in acid concentration greater than that obtained with 15 wt% acid concentration [27] . It is evident that, anodizing in less acid concentration is performed to obtain a considerably thin anodize layer that gives lower impact on the fatigue strength of the alloy.
Sealing Effect
After sealing process (with hot water at 98˚C for 15 minutes) reduction in weight is observed. This is because of the loss in the thickness of anodic oxide film [14] . This loss is due to the dry air (decreasing in humidity, which leads to increasing the weight loss). Table 4 clarifies the sealing effect of the sample weight for the aluminum alloys after anodization process. Table 5 gives an example of the measuring thickness for two samples (Al, and Al6061). The data interpret the decrease in thickness with sealing process for the two considered samples due to the weight loss of the anodic coating films.
Optical properties
For the alloy samples, surface structural and properties are considered to investigate the physical characteristics of the anodic films. The optical images of the different anodizing alloys samples are shown in Figure 2 . The images show the coatings are adhered to the substrate. It is interesting to notice that, the sample Al7075 becomes opaque coloring due to the immersion in nickel. The greater opacity of anodic coating Al7075 refers to the dense surface and the alloy elements.
The optical properties of the anodized aluminum alloy coatings are determined using the instrument "SPECTROMETER/JASCO Corp., V-570, Rev.
1.00". Figure 3 shows the absorbance spectra of the anodic alloy samples Al6061 figure exhibits two small peaks at the wavelengths about 800 nm and 2000 nm found in the two samples. In Figure 4 , it is noticed that, from the percent reflectance, the inverse trend is observed. Also the same manner of the two samples is obtained with the decreasing values for alloy Al2024.
These behaviors are comparable and agreement with that obtained in the experimental work of (Farhat, et al. 2016 ) [28] . Moreover, spectral absorbance of alloy Al7075 is plotted in Figure 5 . The data are measured for the sample with opaque surface represented in Figure 2 . The figures show different behaviors observed for this sample at the same wavelengths considered in Figure 3 and Figure 6 shows the percent reflectance of this sample against the wavelength. Opposite behavior is observed for the reflectance spectra. The figure is similar to the reflectance behavior from black surface coatings. The low-reflectance region extends from 300 nm to 800 nm and more reflectance is obtained for all wavelengths longer than 1000 nm. These results are useful for decreasing unwanted visible radiation in infrared equipment.
Surface Morphology
The results of the experiments can be identified by the check of the thickness and surface structure of the anodic oxide films on the samples. So, the morphology of the oxide surface for the samples is examined with SEM under the effects of the anodization and sealing processes. Figure 7 shows SEM images of Al6061 anodized surface before (Figure 4(a) ) and after sealing process ( Figure 4(b) ). Before sealing, some of pores and cracks are observed and distributed on the surface area. After sealing, these pores are relatively diminished and the surface is seen with more flatness and uniformity.
In Figure 8 , SEM images are taken for the Al-surface for the same conditions considered in Figure 7 . From the figure, it is noticed that, more cracking and incisions are observed (Figure 8(a) ) before sealing, while it is approximated seemed to be vanished after sealing process (Figure 8(b) ). It is logical to expect that anodization of aluminum having impurities leads to defects because of the difference of volume expansion of impurities than of aluminum. 
Conclusions
Anodic oxide of aluminum and different types of aluminum alloys as Al2024, Al6061 and Al7075 are prepared by electrochemical method using the solution of sulfuric acid. The effects of different anodizing conditions and parameters are studied. The anodic films are formed on metal surfaces with different thicknesses. To enhance the anodic coating surfaces, we use water-sealing process to seal the porous coatings and find that, the oxide porosity decreases with sealing by pore-filling technique, leading to the oxide layer with more flatness and uniformity. The results show that, the increasing current density and lowering operating temperatures lead to more dense coating. Besides, the increasing of the thickness with increase in acidic concentration is obtained and found greater than that obtained with less acid concentration. The examined optical properties and spectral analysis for the samples demonstrate the dependency on the alloy elements. Morphology and optical characteristics are found to be comparable with the previous studies.
These results can be useful to obtain optimum anodizing conditions leading to the anodic film formation improving high corrosion resistance and with the best optical characteristics and properties for long-duration exposure to spacecraft external environments.
